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ABSTRACT

To alleviate tha possibility of premature initiation
or change in reliability of an electroeexplosive device (LED)
due to radlo frequency (RF) energy, Picatinny Arscnal
andsavored to make all BEDs RF-protected. This iz being
accomplished by substituting a plug composed nf RF absorbing
material in place of tha usual plastic sealing ,.ug through
which the lead wires enter the EED. To date, the T24El,
M36A1, XM66E2, T77, T77 conductive mix, M51 Datonators,
the M2 Squib, the M6 Blasting Cap and the MK2: MOD 0, MK?
MOD QO Ignition Elamants have been provided with the
phosphatized powdered iron attenuating plugs.
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DRVELOPMENT OF RF-PROTECTED ELECTRO-EXPLOSIVE DEVICES

Many EEDs utilized in weapon systems have shown
vulnerability to electromagnetic radiation emanating from
radio and radar transmitters. The results of & premature
initiation of an EED can be the unprogrammad launching of a
misslile, detonation of a warhead, premuture stage separation,
or any one of a series of events commenced by an EED.

Alesc, an EED can be rendered unreliable after being subjectad
to current below the firing level for an extendead period

of tima, This is no less sarioua than premature indtiations
in some gystems.

To allaviate the possibility of premature initiation
or change in sensitivity of an EED due to electromagnatic
enargy, Picatinny Arsenal has endeavored to make all EEDs
"RF-protectad". The most obvious solution is to discard
all EEDs and utilize non-elaectric initiators only. However,
the many advantages inherent to EEDs such as small size,
light weight, low cost, raliability and relative simplicity
made them highly desirable when compared with non-electric
initiators.

In a study of solid-state materials, it was ohserved
that some of these materials act as broadband RF absorbers
or attenuators, The advantages of utilizing attenuator
materials for RF protection are many. First, thaese
materialas can be incorporated within the existing exterior
configurations of initiators with no great difficulty
and at reasonable cost. This is accomplished by
substituting a plug composed of the attenuating material
in place of the plastic sealing plug through which the lead
wires pass. No external device or fitting is necessary
thus eliminating the possibility of a faulty assembly
vwhich would provide no RF attenuation, or possibly even
attenuate or short out a normal firing pulse. Since the
material compreseed into the attenuating plug is a single
component device, it is far more reliable than multi-component
filtering devices. Another advantage is there are no
rasonant points. Other important advantages in the utilization
of KF attenuators are that this approach can be universally
applied to all initietors; no additional space or weight
requirement is necessary; and this 1s a low cost solution.
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Requirements for the RF attenuating material to be utilized in
EEDs were set up as follows:

1. It must provide adequate attenuation of RF energy.

2, It must not significantly alter the normal firing
ragponse of the EED.

3., It must be easily molded or formed into configurations
and sizes similar to those of the plug it replaces.

4, When assembled into an EED, the EED must still
be capable of passing all functioning, reliability,
enviromnmental stability, rough handling and other
required MIL Standard Tests.

5. In all, the attenuator plug must meet all of the
requirements met by the original plastic plug and,
in additlon, must provide significant RF absorption.

The material salected was phosphated powdered iron which
originally was mixed with apoxy resin binder and molded at high
pressures. However, produci refinement by The Franklin Inatitute
has led us to a stuudardized product preparad as follows: Tha
iron powder utilizad is pure 10-miéron iron powder made by the
carbonyl process. Then the iron powder is insuleted by wetting with
acetong,adding a stock solution of dilute phosphoric acid to the
watted powder and stirring until dry under a heat lamp. The molding
powder is pressed into plugs at pressures well over 50,000 psi.
Thesa high pressures are nacessary so the concentration of iron
powder in the plug will be high and high attenuation values are
obtained. This is exemplified in Figure 1 which shows the dependency
of attenuation upon density by the very steep slope of the curve.

The first item to be provided with RF protection was the
T24El Detonator (Figure 2). This detonator was the first to be
provided with protection because it was the most sensitive (an all-
fire energy of 500 ergs) Army wirebridge EED., The lRad wires
which pass through the phenolic plug are kinked. Figure 3 shows the
attenuated T24El Datonator. The phanolic plug wes eliminated and an
attenuator plug substituted. Thare is absolutely no difference in
the shape or dimenslons of the plug or of the initiator. The only
difference is that the lead wires are now tapered instead of being
kinked. This change was nacessary because tha high pressure necessary
for molding the attanuatur plug caused breaks in the kinked wires.
Insofar as pull-out strength Ls concerned there was no loss. Results
of extensive englneering tests on the RF-protected T24El Detonator
showed that there is absolutely no difference batween these two

.




detonators except that the attepnudated detonator provides about
20 db of attenuation at 500 mc whereas the origilnal daetonator
provided none. Figurae 4 shows attanuation vs. frequency

for the Q0.l3-inch RF attenuator plugs for the T24El. Note

how the steep slope of the curve gives ue very high

attenuation values at higih frequenciss but very low attenuation
at low frequencies. Wa are attempting to correct this low
frequency deficiency. The RF-protacted T24El Detonator

has antered tha production engineering phage of its development,
The T20El Datonator in Figure 5 has baen provided with RF
protection in the same mannar (Figure 6).

This detonator is vary similar to the T24El Detonator except
that the spot charge is colloldal lead azide instead of milled
lead styphnate, which makas the normal functioning energy |
5,000 ergs rather than 500 ergs as required for tha T24El
Datonator.

The T77 Wirebridge, Button-Type Electric Detonator is #
in Figure 7. This detonator was tha first of its kind to be
provided with RF protaction. The changes in design for the RF-
protected T77 Detonator included deletion of the formvar
coating and araldite bonding between the pin and plug; and
the addition of a stuel cup for holding tha atteaunator which
was raquired for assambling the bridgewire (Figure 8). Figure 9
demonstratas the attenuation vs. frequancy for the 0.125 inch-long 4
plugs. A pllot lot testing program, carrled out with the RF-
protectad T77 Detonator, proved it to be practically identical
with the unattenuated version in functioning, senaitivity,
envirommeqtal stabllity and abllity to withetand rough bhandling.

RF attenuatore have baeen providad for the MK2 MOD 0 and MK7? MOD O
Ignition Elemants urder Navy sponsozship (Figure 10). TFigura 11

shows the RFe-protactad version of thu MK7 MOD 0. Modification

of the MK7 MOD 0 4alectroda to a taperad shape was to parmit

molding the attuauator plug and alaso to permi: th2 elament to withstand
the 50,000 psi blowback test. Th3 groove added balow the tapered
portion holde the attanuating mataria in plaze during assembly.
Complete functlioning, sensitivify, vellability and rough handling

tests have establighad that thavae is ne difference in performance

with this RF-protected ignition elamen: in comparison with the
unprotectad version except that it provides the artenuation shown )
in Flgure 12,

RF attenuators have baan provided for tha M6 Blasting Cap, M2
Squib, M36Al Detonator, XM66E2 Detonator, M51 Detonator, and T77
Conductive Mix Detonator. Howaver, extensive pllot lot studies
hava not been conducted on these items.,

The naw Army M6 Elactric Blasting Cap is in Figure 13. Figure l4 i

‘ shows the RF-protectad M6 Blasting Cap., The attenuation provided
by the attenuator plug is necessarily much greatar than any of those
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before mentioned because of its almost three-fold length increase
over the longest attenuator plug incorporated into the EEDs to
this time. Figure 15 demonstrates the attenuation vs. ‘frequency
for the 0.8 inch-long RF-attenuated M6 Blasting Cap plug.

Production Engineering studies are being planned for the RF-
protected version of the M2 Squib utilized in many rocket igniters
and the M36A1 Datonator utilized in VT Fuzes. The RF-protected
versions of the M2 Squib and M36Al are in ligure 16 and 17,
regspectively. Also the XM66E2 Detonator, utilized in the Type 19
Spotting Device, has recently been provided with RF protection.

All of the previously described BEDs which have been provided
with RF protection were wirebridge, wirelead items except for the
177 Detonator and the MK 2 Mod O and MK 7 Mod O ignition elements.
Studies have been conducted on a piggy~back design of the phosphatized
iron on top of Bakelite for the RF-protected M51 Caxbon Bridge,
Wire Lead Detonator (Figure 17). Also an attenuated face gap
plug design with a spot charge of gold and colloidal lead azide to
make up an RF-protectad T77 Conductive Mix DetonatO0r has been
studied (Figure 18).

Studies are being made to incorporate ferrites such as
Cerramag 27 and Tl into the T24El Detonator, M2 Squib and M6 Blasting
Cap. These materlals exhibit superior low frequency attentuation
to that provided by the present phosphated iron. It has been shown
that these materials provide, at frequencies below 100 mcs, at least
a8 five-fold increase in attenuation over that provided by the
phosphated powdered iron. We ara also studying organic polymeric
seml-conductors which show promise of good broadband attenuation
under contract with Midwast Research Institute. Thus Picatinny
Argenal is continually advancing towards the goal of providing EEDs
with RF-absorbing plugs having attenuation values of at least 20 db,
from 10 kilocycles to 10 kilomegacycles.

The work previously described was carried out with support from
The Franklin Institute, Atlas Chemical Industries and Atlantic
Research Corporation.

Bur goal is to provide the munitions designer with safe,
reliable EEDs which are safe from electromagnetic radiation. At the
present time we can come close to realizing this goal with the
promise of coming even closer in the near future. In the meantime,
we are doing our utmost to make available the products of the
pregent gtate-of-the-art.

5e

——— e e




APPENDIX

5o

- ﬂ.l'\iﬁ-lﬂn“.!hf\? B




- a-

APPENDIX A

FIGURES




¢ e —— —

o

AT TENUATION VERSUS DENSITY
ACETONE PHOSPHATED 10 MICRON —

POWDERED IRON ATTENUATORS

— T T T 1

160

140

120

/

100

/

/ |

ATTENUATION ATS500 MC (DB/CM)
3

40

60

- o mavms s mmm ma e Unem—

62 6.4

6.6 68 7.0 72 74
DENSITY (GM/CM3)
Figure 1

-6-

Com - - s e mmme. e cewe s e G e e iy



z oanS8Ta )

4OLVYNOL3a 21810313 3vel

JuIM 390RIS NILSONNL

NOLLVINSNI

——
-
s rwem  emau cwnn s

e e o




¢ 2and1g

A3LVNN3LLY
MOLVNOL3A 13¥21

(A3 LVNI¥1LX3d . (N3FLSONNL)

iqaizv avain) - 3YIm 300148
JOHVHO ONIWIYdD

(1331S SS3TINIVLS)

a;ffo«;x\\\\\ago
(13315 .

N m%,mwy_ ONT1SISIU ™.
ISOMY09) NOISOHHO0D) ..

S3uImav3i 37NyY 34 .

N (Ni13d)

~

T 39HVHD 3SVE

(@37 W
J1IVNHIALS QV3T)

zom.aumm \Oc
A am0d) 39YVHO 10dS

oNTd HOLVANILLY




——————— ——— — e ———

§&

- !
;

4 am381g I

A {9¥) AON3NO3YA i
8&8888 000+ 0002 00Ol 008 008 OOF 002 00l 08 09 O oz o !
T T T 1 T S B i S — ] ;
/7 i

J I

1 i

S m_

yd i

yd Ny |

7 1 :

yd 5 |

T m |

s |

5 |

z ||

a ]

02 = |

i

/ __

\ o

S : . i

SONId ¥OLYNOL3d Los

7 I3b21 Q2IVANILLY 34 ¥Od oe “

/ AONIOIM SA NOLWANALY % __

i

i

__

o !
- | | __
‘1"‘!{ i Sttt S — - i .



T ¢ aInBy3

HOLVNOL3IA 214190313 13021

331S ONILSISIY NOISONNOD 3

- 3¥IM 3908 zw._.mwz_...._.r/

3% - SYIM ava

9M1d JITON3Hd

30i1Zv av3l 1vaioTiod
3% FINYY3d

C— s — o m—— e cm— a— .
e e s 4 e mn et s am> Semaer.  —— a0

s enmm e h s s ey s —— -— [R—




M_
.9 »uﬂw«m m_

1

m_o._.<zo._.wo c_m._.om.ﬁ _uow 1 om._.om._.omn_ 34 m
_

13315 ONILSIS3H NOISOYUOD ¥* “_
| _“

© 3WIM 390188 NILSONAL |

XVN o»mi ”

L _ | m_

. . o 3 !

D \ _ - . _

. - / X . 4 . ) . - x q

% SIYIM avI1 — * . ”
9nid NOYI G3430MO0d / % 4no M

301zv av3 1valo11od L

N13d - |

3% 3NYY3 m_

i

3012V aV31 G31VNINLIX3A i

]

___

3 L —

__

- - j

v "




T T T A - _ -

! aam31x

¥OLVNO13G o_m._.ow._m lL1

T331S ONILSISIY NOISOHNOD *

39018 3YIM .zm._.mwz:._.l/

ua_ﬁoﬁ..ou:z.chxua
\ N13d

\
DU m?Jl.IL

e -

M z - N
b W (+
x P
% Nid > SRR _,_ »H_\,_T _ ,. )
‘ - Mless |
3110TVHY/ HVANNOS /
% oNd dno
% u.sxxE

J1VNHAALS avai
TYNUON G3TUN



8 2in¥Ta

- HOLVNOL3Q 21419313 4.1 4d310310ud d4¥

13318 ONILSISIY NOISONNO0D *

———— m— g i — kv — m— — p——- =

un_ﬁoﬁ._auﬁz&»xmn.
290149 JUIM zu._.mo!_»:/ | \

-—— . XYW CCP"
\ ﬂ \

N

% Nid
ONTd NONI QIUIAMC :; -

3% dND MOLVNNZLLY

¥ 3NN

3LVNHJALS Av3I1
TYNHON G3T1IN




u“ﬂyll

H

SONd ¥OLVNOL 3d

4ZLL Q3LVNAN3L LV Jd¥ u¥Qd
AON3NORNI4 SA NOILYNNILLY

. > .t B o= WA an a.

6 2In3T4 __

[

(ON) AIN3INO3u4 i

- ooooooowooov O0CZ 000008 009 00¥ 002 00l 08 09 OF o2 of I
T T T T T T 1 1T 7T T T 1T T ! T ! !
J/ !

i

\ __

\ T i

\ |

!

/ v |

7/ i

\ Tx !

e S 4 :

g |

ﬁm |

S !

e v m

\\ w

Vs m

i

/ |
|

it



o1 °an21d

K18N3SSY O AOW—L-MIN

uwmdzo zo_._._zw_
umﬁ ._.zwim]_w zoEzw_

¥IOVAS —
IMIM 390148

dNd Y3NNI

- 15~

—_YIHSVM ..
* 300810313

HOLVINSNI
300410313

HOLVINSNI

4N INGW3T13 NOLLINS! ;
| o dNO NOILINSI

. ¥3a10S




11 9an331

TTONISV O-GON-1iW OILVNANILLV

[ B

Saiaiovn g il /

300kLIT3

<.+ 300810313
Fo - |

o .%%S&n

;ﬁﬁ‘ 5. &.rivf
N i ol

i

P e e mmesms . e .

[ — — m— - —

. come me— ot m——



Z1 2anS1g
(5M) ADN3IND3IYA

00OI 008 009 0OV 002 00l 03 09 OF o2 ol

T T 1 T T T T T T T }

\LN

yd
yd
yd i
e 4
yd
\ o3
l
d Z
3
te.
/ - T
S
yd SONId LNINTT3 NOILINSI
O GOW N G3ILIVIIN3LLY 44 ¥Od

AONIND3NY SA NOILVNN3LLY ..To_

-17-



€1 damB13z

dv0 ONILSVd 91410313 SN

WA Qv
¥3dd0D 3LV0D E\

. v . N
*I XVN G6¢2 1_ e

s

pa— " 7
: > = . s \Wy
NOILVINSNI \

3S0INTII0 TAHLI |
oMid N3880N AOTIV NNNINNTY

3NIM 390148 MNINHLNY NG 12012y avan
/ MAGOHY/MNNILYWd G/61/08 JIVNINL

JIVNOHHIO WniyvE
/ 3I¥NHJALS QY31 Jisva
/7LNVTI13dOld OF TvI 22/81/709

-18~




I
}

|

!

41 2anB13

dvO ONiLSvVi8 o_m.__.omu_m N om._.om._.omn_._.._m

H¥3TV3S AXOd3

NOILVWiSNI
3S0INTIA TAHLI

SIM avIl
a31voO NU GV
¥3dd0D T331S SSTINNIS

SITid NOUI GRIIONOd 3012¥ ava
~ ZuiM 3901M8 MNINSHLNY G31YNMLED
/MNIOOHY/NNNILY 14 S/51/08
JLYNOUHO WNINVE

/ ALYRKHIALS QV3I JisVE
/7ANVTI3dONd O W3 22/8i/09 -




40

20

ATTENUATION vs FREQUENCY FOR THE
RF PROVECTED M6 BLASTING CAP PLUS (V)

-)
|

ATTENUATION Dh/PLUG

Figure 15
1 1 ] |- ] 1 1 |1
(s} 20 40 ¢ 80 WO 200 400 890 800 000

FﬂEﬂ‘U!NCYZO( M7)



- = ”

m_

|

91 embyz i

. , !

gin0S 214103174 2N d3103108dd Hd *

- |

| | j

HINOOV™| ‘NVILJADI/ TVOONVHD ”

JALIVNVAOOIHL QV31/31VH0THD _*

WNISSY10d 0i/81/2¢/0¥ "

o |

-0LE - \ na> !

= uv_ 092 m

S3UIM QVIT 43dd0D _
NOLLVINSNI 3INTTAHLIXIOd

| 9Md NOYI A3Y¥3IMOd

390148 3HIM IWOHHDIN “

3IAIFIS 3INITAHLIATOM |

|

|

:

S E
|

L | _W
e e e s e < — ~4
e e e . B B I |




L1 2x81a

HOLVYNOLIA 01419313 IVOEW G3L03L0Md Y

-Ni3d

201ZV V31 G3LYNI¥LX3C 7

JYIM 390149 INOYHOIN m xdi cEs

—

/]

XYW |
~gge ™

3YIM Qv ¥3dd00— B /| N

oMd NOYI d3H3IGMOd
Y30VdS WNNNIRNTY

dO NOANINOTTY

JIVNHJIALS QV31 TVNHON a3y3lling

-22- ¢

| O b LA 5 M e (¥ | Gty SOTIAF ey b it i e M s Y s ) L% . S—d WOR W SLmL i by i & o — S daamitn... S Y A s o .
. ——— —— -



/ ABSTRACT /

Accegslion No. AD

Plcatinny Arsenal, Dover, New Jersey

DEVELOPMENT OF RF-~PROTECTED ELECTROEXPLOSIVE
DEVICES

Fredarick M. Correll

Techrical Memorandum 1258, May 1964, 26 pp,
figures. UNCLASSIFIED report from the
Artillery Ammunition lLaboratory, Ammunition
Engineering Diraectorate.

To alleviate tha possibility »f
premature inltiation or change in
reliability of an electrcexplosive device
(EED) due to radio frequeacy (RIY) energy,
Picatinny Arsenal endesvored to make all
EEDs RF~protected.

The material selected was phosphated
powdered iron. Picatinny Arsenal's goal
is to provide the munitions designer with
safe, reliable EEZDs whicii are safe from
alectromagnetic radiation.

1.

I,

UNCLASSIFIED

Radio Frequancy -
Electromagnatic pulses

Correll, Fraderick M.
UNLTERMS

Electroexplosive devices (FED)
Radio frequency (RF)

Hazard

T24E1

M36A1

XM66E2

T77

M51 Detonators

M2 8quib

M6 Blasting Cap

MK 2 Mod 0 Ignition Elements
MK 7 Mod O Ignition Blements
Phosphatized powdered iron

plugs
Electromagnatic radiation
Attenuation
10-Micron Lron Powder
Acatona

Type 19 Spotting Device
Correll, F. M.
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